INTRODUCTION
nam, and Jeju) were surveyed throughout the Korean Peninsula where scrub typhus is endemic (Fig. 1 ). Collections were conducted from October through November 2006 when peak vector mite populations and numbers of scrub typhus cases were previously reported.
Rodent and chigger collections
Sylvatic rodents were collected by Sherman � live traps (7.6 × 8.9 × 22.9 cm; H.B. Sherman, Tallahassee, Florida, USA) baited with peanut butter placed between 2 saltine crackers. The traps were set out in the late afternoon and collected early the following morning. Rodents were transported to the laboratory, where they were euthanized, in accordance with an animal use protocol (Yonsei University), and identified to species.
The bodies of the euthanized rodents were hung individually over a 1,000 ml beaker filled to a depth of 1 cm with tap water for harvesting the larval mites. The mites which detached from the host and fell into the water were removed with a fine brush and placed in 75% ethanol until mounted on slides with polyvinyl alcohol. Larval mites were identified under a microscope at 400 × using morphological keys prepared by Ree [6] . A final electronic data record for each small mammal and the number of each mite species with locality and collection period was prepared.
RESULTS
A total of 82 rodents were collected at the 13 study sites. The striped field mouse, Apodemus agrarius (80; 97.6%) was the predominant species collected, while only 2 Korean red backed voles, Myodes regulus (2; 2.4%), were collected. All rodents of both species were infested with larval mites. The chigger index (mean number of chiggers per infested rodent) for A. agrarius was 135.7, being predominantly infested by L. pallidum (101.7) and L. scutellare (25.7) ( Table 1) .
A total of 10,860 chiggers belonging to 4 genera and 8 species lected from A. agrarius (Table 2) . Rodent infestation rates for L. pallidum were highest at Gangwon (100%), Gyeonggi (87.2%), Chungnam (100%), Chungbuk (100%), Jeonbuk (73.9%), Jeonnam (77.0%), and Gyeongbuk (66.1%) provinces and was collected from all provinces except Jeju Island (province). Rodent infestations for L. scutellare were the highest at Gyeongnam province (77.9%) and Jeju Island (62.3%), while none of the rodents were infested from Gangwon, Gyeonggi, Chungnam, and Chungbuk provinces. Rodent infestation rates for L. palpale were the highest at Gyeongbuk province (25.0%), while few rodents (0-6.1%) were infested at the other provinces. Rodent infestation rates for L. orientale and L. zetum were the highest at Jeju Island (11.7% and 19.5%, respectively), while few were infested from those captured at other provinces (Table 3) .
The highest chigger index for L. pallidum was reported at Jeonnam province (162.7), while none were collected at Jeju Island. Geographical distribution of L. scutellare varied by locality (chigger indices ranging from 0-98.4) and was only collected in the southern provinces (Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju). L. palpale demonstrated limited geographical distributions and relatively low chigger indices ranging from 0-30.5. L. orientale and L. zetum also demonstrated limited geographical distributions and low chigger indices, ranging from 0-8.0 and 0-7.1, respectively ( Table 3) .
The high prevalence rate of scrub typhus was correlated with higher population densities based on chigger indices (r = 0.7674) of the 2 primary vectors, L. pallidum and L. scutellare (Table 4 ; (Table 4) .
DISCUSSION
As vectors of scrub typhus, chiggers pose a serious health threat among civilian and military populations throughout the Korean peninsula. In Korea, scrub typhus is regarded as one of the most prevalent zoonoses, with most cases reported from October to December [3] [4] [5] . A prerequisite to a comprehensive scrub typhus epidemiology program is knowledge of chigger bionomics, including their species distribution, population density, and larval habitats.
In the present descriptive study, L. pallidum was the predominant chigger collected in Gangwon, Gyeonggi, Chungnam, Chungbuk, Jeonbuk, Jeonnam, and Gyeongbuk provinces, except Jeju Island, whereas L. scutellare was the predominant chigger collected in Gyeongnam province and Jeju Island, while none of the rodents were infested from Gangwon, Gyeonggi, Chungnam, and Chungbuk provinces. L. palpale, L. orientale, and L. zetum demonstrated limited geographical distributions and relatively low chigger indices during the season of greatest disease incidence (Table 3) . L. pallidum is found throughout the Korean peninsula, while L.scutellare is found only in the southern part of the Korean peninsula where its distribution is limited to annual temperatures ≥ 10℃ [14] . L. orientale is found highest during the autumn-spring seasons, while L. palpale and L. zetum are found highest in the late fall-winter and winter-spring seasons, respectively, and may variously contribute to low levels of human transmission of scrub typhus during periods of greatest abundance [3, 13, 14] . The high incidence of scrub typhus in humans during October through December is due to high populations of L. pallidum and L. scutellare that peak from September through November, and which sharply decline and remain low throughout December through August. Population densities of L. palpale, L. orientale, and L. zetum are relatively low and unevenly distributed and their impact on human diseases is uncertain. Additionally, the geographical distribution of chiggers and host indices is strongly correlated by species, with various chigger species predominating spatially during the same season and is supported by other studies [12] [13] [14] [15] [16] [17] [18] .
As shown in Table 4 , L. pallidum and L. scutellare, while highly variable, were highest for Jeonbuk, Chungnam, and Jeonnam provinces where scrub typhus is endemic. These findings suggest that transmission of O. tsutsugamushi is maintained by both vector species. The prevalence rate was the highest in Jeonbuk followed by Chungnam, Jeonnam, Gyeongbuk, and Chungbuk provinces (Table 4 ). The prevalence of scrub typhus cases in Jeonbuk, Chungnam, and Jeonnam provinces were higher than in any other provinces and were correlated with higher mean chigger indices of L. pallidum and L. scutellare. These data support seasonal and geographical risks of transmission of scrub typhus to human populations, especially when harvesting of crops and recreational activities increase exposure during the fall period when vector populations are high.
In the present study, strong evidence was found that seasonal and geographical distributions of chigger populations L. pallidum and L. scutellare were correlated with the prevalence of human cases. An increased density of chigger mite populations over their distribution increases the probability of human bites by mites and provides evidence for the high seasonal prevalence rates. Further geographical, ecological, and environmental studies that identify chigger mite hosts, relative chigger indices (population densities), and infection rates will provide a better understanding of disease risks throughout the Korean peninsula.
